The presence of charge transfer in EuSe is analyzed by experimental and theoretical X-ray diffraction data. The direction and amount of charge transfer are inferred by plotting and comparing the structure factor of the components. Thus a charge transfer of 0.22 electrons is obtained in EuSe from europium (Eu) to selenium (Se).
Introduction
Rare earth compounds have increasingly been studied in the last decades and much valuable information on magnetism, crystal fields and related phenomena of these materials has been obtained. The growing interest in rare earth compounds is activated by the unique physical properties associated with the localized character of the 4f levels of rare earth ions [1, 2] . The rare earth monochalcogenides are structurally simplest materials, and numerous experimental works have been 0932-0784 / 08 / 0300-0217 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com done on the destabilization behaviour of the f-shell of these compounds. Till now, the theoretical description of these transitions remains a challenging problem. This paper deals with the presence of charge transfer in EuSe based on structure factor calculation. All III-V compounds with zinc blende structure involve a charge transfer between the nearest neighbours. Similarly, II-VI semiconductors like zinc selenide (ZnSe) involve charge transfer [3] . Though different techniques are available to determine the charge transfer, according to Cochran [4] only X-ray diffraction (XRD) and piezo electric studies could give precisely the sign and magnitude of charge transfer. Therefore, the presence of charge transfer in EuSe has been studied both theoretically and experimentally by using X-ray diffraction technique, and the results are presented in this paper.
X-Ray Diffraction
X-Ray diffraction data have shown that EuSe crystallizes in NaCl type structure with space group Fm3m [5] . The theoretical X-ray powder diffraction (XRD) pattern has been simulated by using the LazyPulverx programme and is shown in Figure 1 . The theoretical XRD data have been compared with the experimental ones in Table 1 , which gives the indices of planes (hkl), interplanar spacing (d), relative intensity (I/I 0 ) and the deduced structure factors (F hkl ) of EuSe. It has been observed that the experimental and theoretical XRD data are in good agreement.
Theory
Saravanan et al. [6 -9] have done X-ray diffraction studies on the III-V semiconductors such as GaAs, InSb, GaP and InP over the entire reciprocal space [10] . The model proposed by Saravanan et al. has been used for confirming the presence of charge transfer in these semiconductor compounds [6 -9] . The same model has been followed in the present work and the X-ray diffraction data [5] have been used.
In the present method the elemental components of structure factors are plotted versus sin θ /λ . Then the form factors at sin θ /λ = 0 will be equal to the atomic number (Z) of the element. Any deviation from the value of Z can be attributed to the charge transfer [3] . The splitting of the total structure factors into individual components is accomplished by exploiting the structure factor expressions of h + k + l = 4n and 4n + 2 type reflection. That is
By suitable mathematical manipulations, the individual components of the structure factor of Eu and Se are
But, the F 0 1 and F 0 2 values are at different sin θ /λ values. So, one cannot add or subtract these quantities to get the component structure factor [11] . Hence, the atomic form factors f Eu and f Se have been found from scattering factor curves. The experimental and theoretical atomic form factors of EuSe for sin θ /λ (after applying scaling correction) are presented in Table 2 and plotted in Figure 2 .
Results and Discussion
EuSe crystallizes with face-centered cubic structure lattice parameter of 6.185Å and the space group of Fm3m. It has four Eu atoms and four Se atoms per unit cell. The experimental atomic form factors have been calculated from the XRD data. The theoretical simulated XRD pattern obtained by the Lazy-Pulverx programme is shown in Figure 1 . Both the theoretical and experimental XRD data are found to be in good agreement, as shown in Table 1 . Table 1 also gives the structure factors F hkl of EuSe. The experimental and theoretical atomic form factors for different sin θ /λ , after applying the scaling correction, are reported in Table 2 and plotted in Figure 2 . The values of individual form factors f 0 at sin θ /λ are given in Table 3 . When charge is transferring from Eu to Se in EuSe, f 0 Eu should decrease and f 0 Se should increase. It is well known that the atomic number of Eu is 63 and of Se it is 34. Therefore, the atomic form factors f z0 of the neutral atom of 
Conclusions
The simulated theoretical XRD pattern agrees with the experimental XRD data. The structure factor of EuSe and the atomic form factors are calculated. The presence of charge transfer of 0.22 electrons from Eu to Se is confirmed in EuSe which agrees with the intermediate valence fluctuation observed experimentally [12 -15] .
